recurrences occur tenaciously irrespective of the applied therapeutic procedure.
A curious hemodynamic phenomenon emerging as a consequence of t he treatment of varicose veins can offer a reasonable explanation why varicose vein and refl ux recurrences occur tenaciously irrespective of the applied therapeutic procedure.
Saphenous refl ux is the most important hemodynamic fa ctor in varicose vein disease:
it is responsible fo r the hemodynamic disturbance, ambulatory venous hypertension, clinical symptoms, and chronic venous insufficiency. Abolition of saphenous refl ux eliminates the hemodynamic disturbance and restores physiological hemodynamic and pressure conditions. but at the same time it unavoidably evokes a pressure difference between t he femoral vein and the incompetent superficia l veins in the thiC] h during calf pump activity. The pressure difference increases flow and enhances fluid shear stress on the endothelium in pre-existing minor communicati ng channels between the femoral vein and the sap henous system in the thigh , which triggers release of biochemical agents nitride oxide and vascular endothelial growth factor; the consequence is enlargement (vascular remodeling) of the communicating channels, and ultimately reflux recurrence. Hence, the abolition of saphenous reflux creates preconditions fo r the comeback of the previous pathological situation. This phenomenon-starting t he same trouble while fixing the problem-has been call ed hemodynamic paradox; is explains why varicose vein and reflux recurrence can occur after any mode of therapy.
Varicose vein recurrence is a frequent event; it occurs in a wide range right up to 90%1~4 depending on the length of follow-up, the mode of therapy, and the method used to diagnose recurrence. The majority of recurrences is associated with further reOux in the groin. Spontaneous disease progression, inadequate surgery, and technical failure at the time of the original surgery have been blamed to be the main cause of recurrences, especially low ligation of the great saphenous vein (GSV) in the groin leaving behind incompetent saphenofemoral junction (SFJ) with saphenous stump and venous collaterals, as well as reSigning to remove the GSV in the thigh. 1 -8 Meticulous dissection of the SFJ was considered in the past to be the sound protection from varicose vein and reflux recurrence. Nevertheless, grOin recurrences occurred after correctly performed crossectomy and stripping as well, which was documented with duplex ultrasonography and phlebography.U.9-14 The reoccurrence of new venous channels emanating from the femoral vein in the groin and joining incompetent superficial vein in the thigh has been termed neovascularization: recurrences due to neovascularization were brought into direct relation with the surgical procedure.
i 182 The hemodynamic pa radox Recek the thigh remains patent and competent in most cases; recurrent reflux in incompetent GSV in the thigh 4 years after crossectomy was reponed in 81.5% of cases. 16 Recurrences depicted in duplex ultrasonography were described either as tortuous single-lumen chan nels or as cl strand of tiny vessels.
g , 11 There are two possible mechanisms by which new reflux-carrying vessels develop in the groin, and they are as follows:
1. Vascular remodeling, that is. dilatation of pre-existing minor veins, apparem as single Wrtuous channels originating from the upper part of the femo ral vein and connecting with incompetent superficial veins in the thigh; they are hemodynamically relevant. 2. Neoangiogenesis, newly fo rmed vessels: tbey have the form of a strand or tangle consisting of several tiny vessels. They originate at tbe previous SFj and connect witb the saphenous vein or i£s branches. The hemodynamic significance of these strand-like formed channels is contentious.
Histological criteria and immunohistological findings can differentiate between neoangiogenesis and dilated preformed veins. I . 2 . 17 Neoangiogenesis is characterized by incomplete wall structure. absence of nerves fi bers, bizarre form of lumen. and multiple channel recurrence. Dilated preformed veins contain th ree-layered wall and intramural nerve fibers: they form single tortuous channels. The presence of the neural marker S100 protein in immunohistological findings indicates pre-existing d ilated vessels, and its absence indicates new grown vessels.
Neovascularization has been blamed as the cause of recurrences after correctly performed surgery. Several methods were used to prevent neovascularization in the groin: suture of the foramen ovale, inverting suturing of the femoral vein after surgical resenion of the SFj, and insenion of various types of mechanical barriers using synthetic patches. IO , 12.1S-25 These attempts either moderately reduced reflux recurrence at the groin in some studies or were ineffective in others, but in all they did not preclude development of recurrent reflux. Some autbors expressed the opinion that recurrent reflux in varicose vein disease was unavoidable, no matter how careful and painstaking the primary procedure might be, and postulated that neovascularization might be the effect of altered venous hemodynamics triggered by unspecified hemodynamic factors. 1 . 13
The Hemodynamic Paradox
A curious hemodynamic phenomenon emerging as a consequence of treatment of varicose veins might offer a reasonable explanation wh~' varicose vein and reflux recu, rences occur tenaciously irrespective of the applied procedure. Saphenous reflux is the most important pathological phenomenon in varicose vein disease: it causes ambulatory venous hypertension and is responsible for the severity of hemodynamic disturbance, cl in ical symptoms, and appearance of chronic venous insufficiency. Abolition of saphenous refl ux removes the hemodynamic pathology and restores physiological conditions even in patients affl icred with the severest form of chronic venous insufficiency, with varicose ulcers . .. Fig . 1 (I and 11 ) sets an example of what had been proved a lot of times: surgical interruption of saphenous reflux in the groin removed the severest hemodynamic disturbance and restored pbysiological conditions immediately after surgery;26 consequently, the therapeutic goal was perfectly achieved. But curiously enough. abolition of saphenous reflux at the same time generates preconditions for the development of recurrent refl ux and for progressive comeback: of the previous pathological situation ( .. Fig . 1, Ill) . The excellent immediate result recorded 1 week after flawless elimination of saphe~ nous reflux deteriorates progressively in the course of time due [Q the perturbing effect of recurrent reflux. ~FJg . 2 demonstrates this progressive deterioration o f the hemodynamic situation during 4-year follow-up, evaluated by strain gauge plethysmography. 16 In healthy persons, ambulatory pressure gradient arises duri ng calf p ump activity and separates tbigh veins with a higher pressure from lower leg veins with a lower pressure,27 as shown in .. Fig. 3 . Competent valves in deep lower leg veins as well as in the saphenous system predude drainage of venous blood from the thigh into the lower leg, and ensure physiological decrease in venous pressure in the lower leg and foot during calf pump activity. In varicose vein patients, the saphenous remnant in the thigh remains patent and incompetent in most cases after interruption of saphenous reflux; it enables drainage of venous blood from the thigh into the deep lower leg veins during calf pump activity. This drainage of venous blood from superficial veins in the thigh into the deep lower leg veins is a characteristic pathological feature of varicose vein disease: as a consequence, ambulatory hypotension extends from deep lower leg veins into incompetent superficial veins in the thigh. Since the pressure in the femora l vein does not decrease during ca lf pump activity, a pressure gradient of 37.4 ± 6.4 mm Hg arises between the femoral vein and incompetent superficial veins in the thigh. 27 The pressure difference enhances flow rate through pre-existing minor, as yet inactive communicating channels connecting deep and superficial veins in the thigb. The increased flow increases fluid shear stress on the endothelium, which activates biochemical agents nitride oxide and vascular endothelial growth factor2 S -J2 : these substances induce progressive enlargement of the tiny communicating channels (vascular remodeling), and ultimately bring about recurrent reflux. Formation of new venous communicating channels between deep and superficial veins in the upper part of the thigh after abolition of saphenous reflux has been documented in several articles, as cited above. The same process triggered by pressure difference, based on the same events, and fo rming collateral circulation apparently happens also in arterial occlusions, in venous thrombosis. and in congenital arteriovenous fistulas.
From this poin! of view, abolition of saphenous reflux should be considered as a very effective. nevertheless just a palliative therapeutic measure, because the propensity for reflux recurrence progressively attenuates and ultimately thwarts the excellent immediate therapeutic result. 16 The hemodynamic paradox Recek 183 Hemodynamic paradox o "'---'=='-----' before after operation Fig. 1 Hemodynamic paradox. Strain gauge plethysmographic parilmeters refill time t-90 ilnd t-SO as well ilS refill volumes (I ~nd 11) ev~lu~ted in piltients with a grilve form of chronic venous insufficienc y showed the severest hemodynamic disorder before surgery. and utter normalization of the hemodynamic situiltion 1 week ilfter ilbolition of s~phenous reHux. S, before; A. 3fter operiltion. Curiously enough, at the Silme time preconditions for recurrent reflux and for progressive comeback of the previous pathologi:ill situation were generated (Ill). Pressure difference of 37.4 ± 6.4 mm Hg ilrising between the femoral vein and saphenous remnant during ca f pump activity triggers biophysicill and biochemical events that induce progressive enlargement of pre-existing minor communications between deep and superficial veins in the thigh; the process ultimately results in recurrent reHUll:. The sign + means higher pressure; the sign -means lower pressure. The dashed line shows the boundary of the ambulatory pressure gradient between thigh and lower leg veins occurring in healthy persons. For more details see tellt.
Although the pressure grad ient between the femoral vei n and incompetent veins in the thigh in varicose vein patients triggers biophysical and biochemical events that induce the recurrence process. other unspecified circumstances involved in the recurrence process determine which type of recurrence, as concerns amount and timing of recurrence will take place.
Neovascularization or vascular remodeling does not come about in persons with healthy vei ns. As set out, competent valves in healthy persons preclude drainage of venous blood from the th igh veins into the lower leg veins. That results in development of ambulatory pressure gradient during calf pump activity with a higher pressure in thigh veins and a lower pressure in lower leg veins (_FIg. 3). Hence, no pressure difference occurs between the femoral vein and superficial veins in the thigh in healthy persons, the process of neovascularization cannot be set off. Vascular remodeling after harvesting GSV for bypass graft does not take place. The surgical intervention per se is not involved in the development of recu rrent refl ux.
Onlya procedure which would preclude drainage of blood from superficial thigh veins into the lower leg. that means which would reinstall conditions distinctive of healthy persons would be capable to heal varicose vei n disease. Because we are not able to convert incompetent superficial venous network into a competent one, we cannot assure definitive cure while t reating varicose vein disease, and we have ro realize that recurrent reflux tends to occur regardless of the therapeutic strategy adopted.
Summary
Recurrent reflux is an obstinate problem embarrassing treatment of varicose vein disease: it occurs also after correctly performed procedures. Neovascularization in the groin has IntematioNljou' ..... 01 A~ vol . 11 No.l/1011 been claimed as the probable cause of such recurrences. Nevertheless, attempts to preclude neovascularization and reflux recurrence in the grOin by inserting mechanical barriers over the ligated SFJ failed. A hemodynamic factorpressure di fference arising after abolition of saphe nous reflux between the fem oral vein and the incompete nt saphenous system in the thigh during calf pump activity triggers biophysical and biochemical events that entail e nlargement of tiny communicating channels between the femora l vein and the saphenous system. and evokes reflux recurrence. Hence,a hemodynamic paradox develops: abolition of saphenous reflux removes the hemodynamic disturbance and restores physiological conditions. but at the same time it generates preconditicn for the comeback of the previous pathological situation.
The hemodynamic paradox comes about only in varicose vein disease: in healthy persons, ambulatory pressure gradient separates thigh veins with higher pressure from lower leg veins with lower pressure. Competent saphenous system precludes drainage of venous blood from the thigh into the lower leg. Consequently, no pressure difference between the femoral vein and the saphenous system in the thigh can be generated , no trigger for neovascularization occurs, vascular remodeling does not take place after harvesting of GSV for bypass grafts in patients with healthy vei ns.
